MARTIN SASS
(Submitted for publication May 13, 1954 ; accepted June 2, 1954) Observations made during the development of choline-deficiency cirrhosis in animals have shown that fat accumulation precedes the appeara#sce of fibrosis in the liver (1) (2) (3) . Information obtained from autopsy and liver biopsy material (4) (5) (6) (7) indicates that this probably also holds true for alcoholic cirrhosis in man. However,, there is no agreement concerning the importance of'the part which fat infiltration plays in the pathogenesis of either of these types of cirrhosis. It has been suggested that compression of intralobular sinusoids by fat-distended liver'cells impedes the intralobular circulation and that this, in part, contributes to the degeneration of centrilobular hepatic parenchyma (8) . Evidence to support this hypothesis has been presented by Hims- worth (8) and Hartroft (9) , who studied sections of fatty livers from rats injected 'with India Ink prior to sacrifice. They demonstrated that in sections showing marked fat infiltration the penetration of sinusoids with ink was markedly limited as compared to the penetration of ink into the sinusoids of normal liver. In man, post-mortem hepatic perfusions carried out by Dock (10) showed a reduction in total hepatic perfusibility in large fatty livers.
The development of a method for estimating hepatic blood flow in man (11, 12) provided the means for further investigation into this problem. A direct comparison of the hepatic circulation of normal individuals and alcoholic patients with fatty livers was made possible. Furthermore, the rapid disappearance of fat from the livers of alcoholic patients following a period of therapy (7, 13) provided an opportunity to compare the hepatic blood flow in the same individuals before and after clearance of fat had occurred. The present paper reports the results of such a study. ing a period of alcohol withdrawal, nutritious diet, and bed rest, when it was felt that the patient had achieved maximum improvement. At that time phyaical examination and the results of routine liver function studies no longer indicated the presence of liver disease. The time interval between the admission study and the study at "maximum improvement" of the alcoholic patients ranged from 21 to 116 days, the average interval being 44 days. Essentially, the procedure described by Bradley, Ingelfinger, Bradley, and Curry (11) for estimating hepatic blood flow was followed. The patients were in the resting state, fasting, and had received Nembutal* 0.1 gm. one hour previously. A cardiac catheter was introduced into a medial antecubital vein and directed, under fluoroscopic vision, through the superior vena cava, right auricle, and inferior vena cava into a right hepatic vein. An infusion of bromsulfalein in isotonic saline (50 to 100 mgm. per 100 ml.) was started and a priming dose of approximately 2 mgm. per Kg. of bromsulfalein administered. A Graubard-Peterson Flowrator meter was used to maintain a constant infusion rate of 4 ml. per min. After an equilibration period of from 30 to 45 minutes, samples were drawn simultaneously from the hepatic vein and a peripheral vein or a brachial artery at intervals of from 7 to 10 minutes. Usually five pairs of specimens were thus obtained.
In addition to hepatic blood flow determinations in eight of the normal and eight of the alcoholic patients, blood was drawn from the hepatic vein under anaerobic conditions for determination of oxygen content and calculation of splanchnic oxygen consumption. In these instances, when the collection of blood samples for the estimation of hepatic blood flow was completed, the catheter was withdrawn into the right auricle. Blood was then obtained simultaneously from the auricle and artery during the collection of a four-minute sample of expired air into a Douglas bag for calculation of cardiac output. Plasma volume was determined by the 10-minute Evans Blue Dye technique. Within 24 hours of the time of each hepatic vein catheterization, a needle biopsy of the liver was obtained.
When patients were studied twice, the second procedure duplicated the first in every respect. Every effort was made to replace the catheter in approximately the same area of the liver as in the first procedure.
Serum bromsulfalein levels were determined in duplicate with the Beckman spectrophotometer as described by Myers (12) . Duplicate measurements exceeding 5 per A cent in variation were discarded. All hemolyzed specimens were discarded. The concentration of bromsulfalein in infusion mixtures was determined similarly. Blood oxygen content was determined by the manometric method of Van Slyke and Neill (14) . In the majority of instances duplicate detreminations checked within 0.10 ml. per 100 ml. and all checked within 0.15 ml. per 100 ml. Expired air volume was measured with a gasometer and the oxygen and carbon dioxide contents determined with the Scholander micro-gas analyzer (15) .
Calculation of the hepatic blood flow with correction for variations in the peripheral bromsulfalein level was carried out according to Bradley, Ingelfinger, Bradley, and Curry (11) . Where the rate of change of the peripheral bromsulfalein level exceeded .0002 mgm. per ml. per min. the experiment was discarded.
Liver biopsy specimens were fixed in 10 per cent formalin, sectioned, and stained with hematoxylin and eosin. The sections were examined and the results classified without knowledge of the patient's identity. Figure 1 . each of the remaining three patients.
Biopsies obtained after treatment in the alcoholic The data relating to hepatic blood flow are sumpatients showed varying degrees of fat clearance in marized in Table I . Although the mean estimated all patients. At the time hepatic blood flow was hepatic blood flow for the group of alcoholic parestudied there was virtually complete disappear-tients shortly after admission is lower than that for the normal subjects (Tables II and III) , the The mean hepatic extraction of bromsulfalein difference between the two means is not statisti-for the alcoholic group on admission was lower cally significant (relative deviate, dev/S.E. = 1.9). than that for the control group. The difference is When the hepatic blood flow in the alcoholic pa-not statistically significant (dev./S.E. = 1.9). tients before and after the treatment period is corm-Following the treatment period, the mean hepatic pared (Tables III and IV) , it may be seen that in bromsulfalein extraction for the alcoholic patients three it decreased and in nine it increased. In six was simliar to that for the control group. The of the latter, however, the increase was less than difference between the mean bromsulfalein clear-10 per cent. The mean hepatic blood flow after ance for alcoholic patients, when first studied, and treatment was almost identical to that prior to that for the control group is significant (dev./S.E. treatment. = 4.3). The mean bromsulfalein clearance for In the normal individuals the splanchnic oxygen consumption comprised 19 per cent of the total oxygen consumption. The mean hepatic arterio-venous oxygen difference and mean hepatic venous oxygen saturation for the normal group were 3.4 0.6 ml. per 100 ml. and 72.9 4.8 per cent, respectively. In the alcoholic patients, the average hepatic arteriovenous oxygen difference was 6.9 1.2 ml. per 100 ml., shortly after admission and 4.1 0.4 ml. per 100 ml., after the treatment period. The average hepatic venous oxygen saturation in the alcoholic individuals was 53.4 + 7.6 per cent before treatment and 68.7 4.4 per cent after treatment.
DISCUSSION
The results of hepatic blood flow measurements indicate that fat infiltration in the liver of alcoholic patients does not result in an impairment of the total hepatic blood circulation. The fact that in the group of alcoholic patients, before and after fat disappearance, the mean hepatic blood flow was somewhat lower than normal is not surprising inasmuch as the liver biopsies of the majority of these patients showed increased fibrosis. Bradley, Ingelfinger, and Bradley (16) This may explain the lack of a statistically significant difference in mean hepatic blood flow between the normal and alcoholic subjects although it is potsibk that if these studies were extended to larger groups this difference might then become significant.
The increased splanchnic oxygen uptake in the alcoholic patients shortly after admission is of considerable interest. Although it is not possible to determine whether or not this' increase in oxygen consumption occurred in the liver, there is no reason to account for it elsewhere in the splanchnic area. Splanchnic oxygen consumption is the calculated product of splanchnic blood -flow and the hepatic arterio-venous oxygen difference. Since, in these studies, the average splanchnic blood flow was lower than normal, the increase in splanchnic oxygen consumption was accounted for solely in the hepatic arterio-venous difference. The average value for this difference was 65 per cent greater in the initial test of the alcoholic patients than in the test following the treatment period and 100 per cent greater than the average value for the normal subjects.
The reduction which occurred in the hepatic arterio-venous oxygen difference following the treatment period was more striking in some patients than in others. This did not appear to be related to the severity of fat infiltration, but rather to the time interval between admission and the initial hepatic vein catheterization. Thus, the greatest percentage change in hepatic arterio-venous oxygen difference occurred in the four patients whose initial test was done on the first and second days after admission. In these patients the initial liver biopsy showed moderate fatty infiltration in two and mild fatty infiltration in two. The least percentage change in hepatic arterio-venous oxygen difference occurred in the four patients whose initial study was done on the fourth, fifth, and sixth days after admission. Yet the initial liver biopsies in these patients showed fatty infiltration which was moderate in one and marked in three. This was also true for the values of hepatic venous oxygen saturation. The patients studied on the first and second days after admission showed the lowest saturations. Because none of the alcoholic patients was seriously intoxicated at the time of admission, it seems unlikely that these findings are related to alcohol oxidation in the liver 24 to 48 hours after alcohol withdrawal. Moreover, elevated splanchnic oxygen uptakes four to six days after the day of alcohol withdrawal makes this possibility even less likely.
It would appear, therefore, that in the fatty livers of alcoholic patients, as a result of increased splanchnic oxygen uptake and subnormal hepatic blood flow, the centrolobular hepatic cells are perfused by blood with oxygen tensions which are lower than normal. Myers and Hickam have shown that centrolobular anoxia exists in heart failure (17) and thyrotoxicosis (18) and they have considered the possible relation of this finding to the centrolobular necrosis which may be found in either of these diseases. Centrolobular necrosis is not a prominent feature in the histological picture of alcoholic fatty liver. However, the indication of existing centrolobular anoxia in this disease in part supports the hypothesis advanced by Himsworth (8) that anoxia produces slow atrophy of centrolobular cells and the eventual development of hepatic fibrosis. SUMMARY 1. The presence of fatty infiltration of the liver in alcoholic patients does not appear to alter hepatic blood flow as estimated by the bromsulfalein technique. In 12 such patients with histologically demonstrated fatty livers, the mean hepatic blood flow was slightly, although not significantly, lower than that for 17 normal individuals. Moreover, after histological demonstration of fat disappearance in the same alcoholic patients, the mean hepatic blood flow was the same.
2. In eight of the alcoholic patients and eight of the normal individuals, the hepatic arterio-venous oxygen difference was determined. In the alcoholic patients prior to treatment, increases in the splanchnic oxygen consumption and hepatic arterio-venous oxygen difference were found. These were associated with lowered values for hepatic venous oxygen saturation. The possibility that this anoxia is of significance as a contributing factor to the damage of centrolobular hepatic cells is raised.
3. Before treatment the alcoholic patients showed a decreased ability to excrete bromsulfalein as evidenced by lowered bromsulfalein extraction and bromsulfalein clearance. These values returned to normal following the treatment period. There was a corresponding return of the hepatic arterio-venous oxygen difference to near normal values.
